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The 4-methylumbelliferyl /I-D-glycosides of glucose, cellobiose, cellotriose and lactose are used to differenti- 
ate several exo-cellobiohydrolase, ndocellulase and /I-glucosidase activities in crude cellulase from Tricho- 
derma reesei. Spectrophotometric or fluorimetric assays allow simple detection and quantitative measure- 
ments of eluate activities from ion-exchange chromatography and after analytical gel electrofocusing. Using 
the fluoropho~c glucoside several /?-glucosidases can be visual&d after isoelectric focusing on polyacryl- 
amide gels. The use of the lactoside and of the same substrate supplemented with cellobiose as inhibitor 
allows a clearcut distinction to be made between endocellulase II and exo-cellobiohydrolase I. Both enzymes 
are present as ‘iso-enzyme’ mixtures. With the cellotrioside only one fraction is detectable (endocellulase 
III). The same methods could be used in culture growth experiments. 
Cellufase E~ocellulase Assay Trichoderma reesei Fluorogenic substrate 
Isoelectric foc~ing 
1. INTRODUCTION 
The complexity of the multi-component 
cellulolytic system secreted by microorganisms 
such as Trichoderma species, is the subject of cur- 
rent investigation and speculation [l-3]. The need 
for appropriate, chromogenic substrates and dif- 
ferentiation methods has only partially been filled. 
The majority of the methods are based on 
measurements of reducing sugars released from 
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Abbrev~atj~~s: PAG-IEF, polyacrylamide gel isoelectric 
focusing; endocellulase, 1,4+glucan glucanhydrolase 
(EC 3.2.1.4); exo-cellobiohydrolase (CBH), 1,4-p- 
glucan cellobiohydrolase (EC 3.2.1.91); MeUmb,i?Glc, 
4-methylumbelliferyl fi-D-glucopyranoside; MeUmb,& 
(Glc), (n = 2,3), 4-methylumbelliferyl D-D-glycosides of 
cellobiose and cellotriose; MeUmb &Gal @(l -r4)Glc, 
4-methylumbellife~l &lactoside; MeUmb, rl-methyl- 
umbelliferone; HPLC, high-pressure liquid chromatog- 
raphy 
soluble or insoluble substrates of these enzymes: 
carboxymethyl-cellulose, filter papers or micro- 
crystalline cellulose (Avicel). Alternatively 
viscosimetric measurements have been adapted. 
Methods for the detection and differentiation of 
cellulase components after electrophoretic separa- 
tion in polyacrylamide gels have also been reported 
141. 
We introduced the soluble 4-methylumbelliferyl 
glycosides derived from a series of cello- 
oligosaccharides and lactose as valuable tools in 
the study of the enzymes from T. reesei QM9414 
[5]. The cellobioside and lactoside were 
characterised as ~uorogenic substrates of the 
purified exo~ellobiohydrolase I (EC 3.2.1.91). 
Here we report on the use of the same compounds 
in the detection of endocellulase (EC 3.2.1.4) and 
P-glucosidase (EC 3.2.1.21) activities and the dif- 
ferentiation of the cellulolytic components in 
separated fractions after analytical isoelectric 
focusing in polyacrylamide gels (PAG-IEF). Fur- 
ther applications in enzyme purification and detec- 
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tion of activities in agar-grown cultures are 
demonstrated. 
2. MATERIALS AND METHODS 
Commercial culture filtrate from T. reesei 
(Celluclast, NOVO, Denmark) was subjected to gel 
filtration (Biogel P-6) before fractionation by 
DEAE-Trisacryl (IBF, France) ion-exchange 
chromatography at pH 5.0 (5-250 mM am- 
monium acetate, room temperature). Homo- 
geneous exo-cellobiohydrolase I and cellobiohy- 
drolase II were obtained by affinity chromatogra- 
phy [6]. Endoglucanase II and III from T. reesei 
QM 9414, purified by ion-exchange chromatogra- 
phy, were kindly donated by Dr G. Pettersson 
(Uppsala, Sweden). Estimated pl values for each 
enzyme are as reported [7]. 
The 4-methylumbelliferyl P-glycosides of the 
cello-oligosaccharides (MeUmbp(Glc)n n = l-5) 
and of lactose (MeUmb &Gal p(l+4)Glc) were 
prepared as described [5,8]. Cellobiose, lactose 
and gluconolactone are commercial products 
(Koch Light, England). 
The release of 4-methylumbelliferone (MeUmb) 
from the cellobioside or lactoside was measured 
continuously by difference spectrophotometry at 
347 nm [5]. Detection by HPLC of the 
chromophoric reaction products (3 13 nm) result- 
ing from the action of the enzymes on 
MeUmbfl(Glc), was as reported [5]. 
All reactions were at pH 5.0 (0.1 M sodium 
acetate buffer) and 25°C. Protein was estimated 
from absorption coefficients at 280 nm as deter- 
mined by dry weight measurements (H.v.T., 
unpublished). 
Analytical isoelectric focusing (PAG-IEF) was 
performed on an LKB Multiphore apparatus and 
Ampholine PAG plates (pH 3.5-9.5). Samples 
were first dialysed against distilled water using an 
Amicon dialysis apparatus (PM-10 filters). Isoelec- 
tric point standard proteins were from LKB. After 
the focusing run gels were flooded with a solution 
of the appropriate MeUmb@glycoside (0.5 mM in 
sodium acetate buffer, pH 5.0) in the presence or 
absence of an inhibitor (5 mM cellobiose, or 1 mM 
gluconolactone). After approx. 2 min incubation 
(room temperature) the gels were rinsed once with 
distilled water. Enzyme active fractions became 
visible as blue fluorescent bands upon trans- 
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illumination with a 6 x 15 W UV lamp (302 nm) 
and could be photographed (Polaroid 53) (emis- 
sion maximum of MeUmb at 450 nm). The gels 
were then stained conventionally with Coomassie 
blue. 
T. reesei QM 9414 (gift from Dr M. Mandels, 
MA) was grown (29°C) on 1% agar, containing the 
minimum medium [9] and either glucose (1 Yo) or 
lactose (1 (r/o) as carbon source. Enzymic activity of 
the colonies (after 48 h growth) was detected 
similarly as described above using MeUmb &Gal 
,&(1+4)Glc (0.5 mM) as substrate. 
3. RESULTS 
3.1. Specificities of the endo- and exo-type 
cellulases for the MeUmb glycosides 
The specificities of the purified cellulase com- 
ponents from T. reesei were studied qualitatively 
by HPLC as reported [5]. 
Thus with the MeUmbp(Glc), (n = l-3) and 
MeUmb &Gal /3( 1-+4)Glc as substrates a differen- 
tiation between the several components of the 
cellulase complex becomes possible: MeUmb is a 
reaction product when: (i) the cellobioside or lac- 
toside are used as substrates with either CBHI or 
endocellulase II. These activities however can be 
differentiated since the CBHI is strongly inhibited 
by cellobiose (Ki = 2 mM at 25°C for endocellulase 
II; Ki = 0.02 mM at 25°C for CBHI); (ii) the 
MeUmbp(Glc)j is used as substrate for en- 
docellulase III (this specificity is unique since with 
all the other enzymes the initial reaction product is 
MeUmbflGlc); (iii) the ,&glucosidases act on 
MeUmb,&Glc. Gluconolactone is a potent 
inhibitor. 
Formation of MeUmb is never observed when 
CBHII acts on the above substrates: as reported 
[lo] MeUmbp(Glc), is hydrolysed for n 2 3, with 
formation of cellobiose. Further quantitative data 
(Km, v) for these enzymes and substrates have been 
estimated and will be published elsewhere. 
3.2. Fractionation of the cellulase complex by 
DEAE-anion exchange chromatography and 
analytical isoelectric focusing 
DEAE-Trisacryl ion-exchange chromatography 
at pH 5.0 (5-250 mM ammonium acetate) yields 4 
main fractions (fig.l). The column eluates were 
tested for their activity with MeUmbfiGlc and with 
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MeUmb &Gal ,&(1+4)Glc (0.5 mM) in the 
presence or absence of 0.01 M cellobiose. p- 
Glucosidase activity can be detected mainly in the 
fractions eluted before the application of the gra- 
dient; they also contain the bulk of endocellulase 
III and of CBH II as reported [7]. Upon applica- 
tion of the gradient, separation of endocellulase II
and CBHI fractions is obtained. The 2 activities 
can readily be differentiated by their activity 
against MeUmb &Gal p( l--) 4)Glc in the absence or 
presence of 5 mM cellobiose (fig.1). These frac- 
tions were further analysed by PAG-IEF and the 
activities present detected (fig.2). 
The complexity of the crude cellulase prepara- 
tion and the partial fractionation achieved by 
DEAE can be judged from the protein pattern 
after isoelectric focusing (fig.2A). For comparison 
pure CBHI (lane 5) (pZ 3.95), endocellulase II (lane 
A 
2% nl 
l.( 
I 
10 
I II I III I IV 
7) (pZ 4.0-4.6) and CBHII (lane 8) (pZ 5.9) are 
shown. Lane 9 represents the ‘iso-enzyme pattern’ 
observed for CBHII. The respective plvalues coin- 
cide with those reported [7]. 
As can be judged from the activity tests per- 
formed on these gels, by immersion in the ap- 
propriate substrate or substrate-inhibitor solutions 
(fig.2B), the MeUmbPGlc active fractions have a 
considerably higher pZ than the other components 
of the complex and appear in the first fractions 
eluted from the DEAE column (lanes 2 and 3). 
These fl-glucosidases can be completely inhibited 
by 1 mM gluconolactone (not shown). The en- 
docellulase III activity (fig.2C) as measured with 
MeUmbfl(Glc)j is detectable in the first eluates 
(lane 2). Its pZ (5.7) corresponds with the reported 
value [7]. 
The activity tests with the MeUmb P-Gal 
Fraction number 
Fig. 1. DEAE-Trisacryl ion-exchange chromatography of the cellulase complex from T. reesei QM 9414. Crude culture 
filtrate (5 ml) was dialysed against 5 mM ammonium acetate buffer, pH 5.0, by gel filtration (Biogel P-6), adsorbed 
onto a column (1 x 10 cm) of DEAE-Trisacryl and eluted with a 5-250 mM gradient of ammonium acetate, pH 5.0 
(room temperature). UV absorbance of the eluates (- - -) was followed continuously at 254 nm. Activity measurements 
(arbitrary units) on 50~1 aliquots of the fractions (5 ml) were performed with solutions of the appropriate 
4-methylumbelliferyl glycoside (1 ml): (--(I-) fl-glucosidase activity; (a) activity against the lactoside; (4) 
activity against the same substrate but in the presence of 5 mM cellobiose. Fractions I-IV were pooled as indicated. 
All measurements were at pH 5.0 and 25°C. 
285 
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Fig.2. Analytical isoelectric focusing. The pH gradient 
was 3.0 (bottom) to 9.5. (A) Protein staining: reference 
proteins have IP as indicated (lanes 1 and 10). Lanes 2-4 
show fractions I-III (fig.1). Crude culture filtrate is 
shown in lane 6, pure CBH I, endocellulase II and 
CBH II are present in lanes 5, 7 and 8, respectively. 
Lane 9 contains the CBH II iso-enzymes. l-10 pg of the 
proteins was applied. (B) ,&Glucosidase activity and (C) 
endocellulase III activity in fractions I and II and in 
crude celluclast, using MeUmbPGlc (B) and 
MeUmbfi(Glc)J (C) as substrate, respectively. (D,E) 
CBH I and endocellulase II activities in the same 
fractions as detected with MeUmbflGalp(l+4)Glc, 
respectively in the absence (D) or presence (E) of 
cellobiose. Pure CBH I is present in lane 5. 
@(1-*4)Glc show considerable complexity (fig.2D, 
E). In the presence of cellobiose (fig.2E) the CBHI 
active bands are nearly completely inhibited (cf. 
lanes 5 and 6). Thus a qualitative distinction be- 
tween endocellulase II and CBHI active fractions 
becomes possible. 
As shown (fig.1) fraction II eluted early in the 
DEAE-column experiments contains mainly en- 
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Volume 187, number 2 FEBS 
Fig.3. Colonies of T. reesei QM 9414 grown in the 
presence of 1% glucose (A) or 1% lactose (B). Activity 
tests with MeUmb,0Gal8(1+4)Clc (0.5 mM, pH 5.0, 
20 min at 30°C). 
docellulase II activity (lane 3), whereas in 
III (lane 4) some CBHI active bands 
detected. 
fraction 
can be 
3.3. Detection of cellulolytic activities in colonies 
of T. reesei QA4 9414 
Certain oligosaccharides, such as cellobiose, 
sophorose and lactose act as inducers of the 
cellulolytic system of T. reesei [9]. In contrast 
glucose is reported to act as a repressor of the same 
system [ 111. The fluorophoric substrates described 
here are potentially adaptable for the detection of, 
the cellulolytic activity in agar grown colonies of 
the microorganism. Thus, colonies grown in the 
presence of 1% glucose are unable to hydrolyse the 
MeUmb &Gal ,&(l -r4)Glc in contrast to the col- 
onies induced with 1% lactose (fig.3). 
4. DISCUSSION 
Recently strong evidence has been obtained to 
show that the presence of multiple enzyme forms 
is an inherent property of the cellulase of 
Trichoderma species and cannot be considered 
solely as the result of proteolytic, postsecretional 
modifications [l-3]. In an attempt to delineate 
more clearly the specificities of the component en- 
zymes of the cellulase complex we propose the use 
of small, chromophoric substrates, i.e. the 
4-methylumbelliferyl ,&glycosides of glucose, 
cellobiose, lactose and cellotriose. Several ac- 
tivities present (&glucosidases, endocellulases II 
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and III, CBHI and II) can be detected and dif- 
ferentiated. Since the fluorescent MeUmb can be 
detected at very low concentrations, enzyme ac- 
tivities could be measured at nanomolar level. 
Visualisation of cellulolytic activities on gels 
(PAG-IEF) proved to be equally sensitive. The 
method is essentially non-destructive and 
photographic reproductions show activity patterns 
readily comparable with the protein staining. No 
blotting procedures are necessary and screening of 
the gels is done within seconds without further 
derivatisation of the reaction products. Here 
DEAE-ion-exchange chromatography was used in 
the preliminary purification of crude cellulase 
from T. reesei. Under these conditions partial 
separations of the enzymes present are observed: 
,&glucosidase activities are eluted before the bulk 
of the fractions containing enzymes active on the 
test substrate MeUmb &Gal ,8(1-+4)Glc and 2 
main fractions are characterised by their differen- 
tial inhibition by cellobiose (figs 1 and 2). They can 
further be purified by affinity chromatography [6]. 
Considerable progress has been made recently 
[12-151 in sequence determinations of these pro- 
teins and their genes. Striking homologies have 
been found between the endocellulase II and CBHI 
and their genetic relationship seems to be con- 
firmed by the present findings regarding their 
specificities. 
The potential use of these substrates in following 
enzymatic activity during culture growth (fig.3) is 
also demonstrated, 
Applications to other cellulolytic systems from 
different microorganisms are under investigation. 
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